, Relationships between synoptic-scale transport and interannual variability of inorganic cations in surface snow at Summit, Greenland: 1992, J. Geophys. Res., 106(D18), 20897-20912, doi:10.1029 Changes in the extent of exposed continental surfaces in source regions are evaluated to estimate aerosol-associated calcium and magnesium ion source strength, while forest fire activity in the circumpolar north is investigated to estimate aerosol ammonium ion source strength. During the 1995 common season, 3 times more calcium and magnesium accumulated in the snowpack than the other study years. Also, an increasing trend of ammonium concentration was noted throughout the 5 years. Anomalous transport pathways and velocities were observed during 1995, which likely contributed to the high levels of calcium and magnesium. Increased forest fire activity in North America was concurrent with increased levels of ammonium and potassium, except for 1996, when ion levels were above average and forest fire activity was below average. Because of the ubiquitous nature of soluble ions, we conclude that it is very difficult to establish a quantitative link between the ion content of snow and firn at Summit and changes in aerosol source regions and source strength.
In contrast to the two-stage (stadial and interstadial) Ca 2+ record through the last glaciation, GISP2 and GRIP ice core ammonium ion (NH4 +) concentrations display low levels throughout the glacial portion of the core (-15,000 ybp-110,000 ybp). The low levels have been attributed to decreased biological activity resulting from ice coverage extending over most source regions [Meeker et al., 1997; Fuhrer et al., 1996] . During the glacial-to-interglacial transition, the frequency of large sporadic enhancements (spikes), and background NH4 + levels began to increase, reflecting the retreat of the North American and Eurasian ice sheets [Fuhrer et Late spring, summer, and fall surface snow NH4 + and nss-K* at Summit are thought to have corresponding origins . Spikes of nss-K + in the GISP2 record normally occur at the same time as NH4 + spikes, indicating that biomass burning is a predominant source of this ion at Summit . In addition, NH4 + and K + were among the major soluble ionic components of aerosols and surface snow that show large enhancements during a documented Canadian forest fire plume that was transported to and sampled at Summit in August 1994 
Surface Snow Classification
Because both fresh and aged snow samples were collected, the snow layers had to be classified after collection. The daily samples were segregated into one of three categories: (1) fresh snow, (2) aged snow that was not buried as a result of drifting or substantial snowfall, or (3) buried layer (described below). To qualify as a fresh snowfall event, at least 1 cm of new snow had to be present at the sampling site. A slight dusting of snow was not considered a snowfall event, nor was clear-sky precipitation (diamond dust) or fog deposition.
Surface snow was classified postcollection as a buried layer if (1) snow had drifted substantially between daily sampling sessions, or (2) a snowfall event occurred between daily sampling. In either case, the snow sample from the day before the snowfall or the drifting was considered a buried layer. As a result, not all samples were used to calculate the cumulative ion inventory of buried layers, even though the surface snow was sampled every day. Buried layer ion inventory can therefore include wet deposition from large snowfall events, light dustings of snow, and diamond dust, along with any post-depositional additions (e.g., fog and dry fallout), as well as any postdepositional losses (e.g., sublimation and degassing) that may have occurred. By determining the cumulative ion inventory of buried layers, as opposed to the cumulative ion inventory of each daily sample, we are assured that the same layer of snow is not accounted for more than once when calculating the ....... 1 cumulative ion inventory for that year. While fresh snow events should bear a more direct relation to the overlying air, buried layers represent what would likely be incorporated into the glaciochemical record. It is important to note that the accuracy of air mass trajectories is limited by the spatial and temporal resolution of the meteorological data on which they are based [Rolph and Draxler, 1990; Kahl and Samson, 1986] . In regions such as the Arctic, observational meteorological data are sparse, thus limiting the trajectory model considerably [Kahl, 1993] . In a comparison of three trajectory models ran in the Arctic basin, Kahl et al. [1989] report that median horizontal displacements between 5-day trajectory endpoints were primarily in the 800-1000 km range. It is also important to note that a modeled trajectory is an estimate of the transport pathway of an infinitesimally small air parcel and therefore does not take into account vertical and horizontal dispersion. Thus a trajectory should not be interpreted as a direct connection between a receptor and a source, but rather as the general transport pathway of an air mass [Kahl, 1993] . Given the known uncertainties and limitations of backward trajectories, they can nonetheless provide a useful qualitative estimate of the source regions and transport pathways of the air masses advected to Summit.
The trajectories produced for this study are manually classified into four regions in the circumpolar countries and the United States (Figure 1) . Whenever three or more of the five trajectories had 10-day origins in a particular sector, a "hit" is recorded. By compiling hits throughout the i-month common time period of each year, a seasonal total for each region is established and is reported as a percentage of the 60 sets of trajectories calculated. The vertical component of the trajectories is evaluated by noting when three or more of the five trajectories entered the planetary boundary layer (< 1 km elevation) during their 10-day history. This information can help determine the likelihood of aerosol entrainment from potential source regions that the air mass passed over en route to Summit. The dominant horizontal and vertical patterns in the trajectories observed are then related to interannual variability of the surface snow chemistry. In addition, transport pathways and sources regions estimated by the trajectories produced for this study are compared to a 28-year record (1962-1989) of 700 mbar 10-day isobaric backward trajectories produced and analyzed by Kahl et al. [1997] . the fires, and because Ca and Mg are components of biomass [Baker, 1983] .
Common Season Interannual Variability of Surface Snow Chemistry
The 
Air Mass Transport and Source Regions
Isentropic back trajectories indicate that at least 50% of the air masses transported to Summit during the common season had 10-day origins in North America, with the dominant region being Canada/northern United States (Table 4) the Yukon region and Siberia and generally had more northerly transport pathways than those observed in 1995. Notably, there were no trajectories that originated in these regions during 1995 (Table 4 ). 1996 for North America (Figure 1 l a) An increasing pattern similar to that observed in our NH4 + snowfall concentration (Figure 5a) 
The synoptic-scale meteorological conditions that impacted the different transport patterns and source regions influencing

Summary and Conclusions
The Holocene portion of the GISP2 and GRIP records of nssCa 2+ and nss-Mg 2+ concentration displays twofold to threefold interannual variations that have been attributed to increased complexity of atmospheric circulation. We have observed a similar increase in nss-Ca 2' and nss-Mg 2+ of about a factor of 3 in the snowpack during May-June 1995, compared to the other 4 years of this study. To determine if an increase in exposed continental surface area as the northern snow line retreated contributed to an increase in background levels of atmospheric dust, Northern Hemisphere snow cover extent was studied. There was, however, no substantial change in snow cover extent in any of our delineated source regions during the 5 years of this study.
